Simultaneous measurements of the small-, intermediate-and large-positive ions and air-earth current density made at a coastal station, Maitri (70° 45' 52" S, 
Introduction
Electrical state of the atmosphere is mostly determined by atmospheric ions.
Their movements under electrical/non-electrical forces cause the flow of conduction and convection currents that determine their spatial and temporal distributions at any place. Concentrations and mobilities of these ions range over four orders of magnitude and are generally governed by the processes which generate and destroy them. The aerosol particles and trace gases ubiquously present in the atmosphere play a major role in their evolution. Temporal and spatial variations of ions have been studied at several places [Wait and Torreson, 1934; Norinder and Siksna, 1953; Misaki, 1961; Jonassen and Wilkening, 1965; Misaki et al., 1972] . Dhanorkar and Kamra, [1991, 92, 93] have extensively studied the diurnal and seasonal variations of different categories of ions and their relative contributions to the atmospheric electric conductivity at a tropical land station, Pune. Horrak et al. [2000 Horrak et al. [ , 2003 categorize the atmospheric ions in five different categories and study their properties at a mid-latitude station, Tahkuse, Estonia. Hirsikko et al. [2005] , from their measurements made at a station in southern Finland, observe that the concentrations and growth rates of the atmospheric ions and particles displayed a seasonal variability.
Concentration of atmospheric ions over land areas is determined by several sources and sinks. Further, characteristics of these ions on land areas in tropical and mid-latitude regions are grossly modified by the naturally and anthropogenically produced pollutants. So, their contributions to atmospheric Several steps were taken to minimize the effects of the harsh Antarctic weather on our measurements. Non-magnetic stainless steel was used for fabricating the ion counter. All electronic components used for making the electronic circuitry were of military grade which can operate well up to subfreezing temperatures of -40° C. Coaxial cables with teflon insulation were used for carrying signals from ion counter to the data-logger. To minimize the effect of strong winds on the suction rates in condensers, ion counter was placed with its condensers perpendicular to the prevailing wind direction.
To check the stability of the instrument, zero-checking of individual condensers were performed periodically by grounding the inputs. No appreciable zero-shift was observed in fair weather and even in light snowfall. Whenever the snowfall continued beyond a few hours, zero was found to shift and observations were discontinued.
Air-earth current density is measured with a 1 m 2 flat-plate antenna kept flush with the ground and is shown in Figure 2 . The inputs from all the three condensers of the ion counter and the air-earth current plate are amplified with separate amplifiers placed close to the sensors and then fed through coaxial cables to a data-logger placed in a nearby hut.
Measurements were made at Maitri located in the Schirmacher oasis in the Dronning Maud Land, East Antarctica. The east trending oasis is exposed over [Ramachandran and Balani, 1995] . these values are roughly 50 -80% lower than that at a tropical station, Pune [Dhanorkar and Kamra, 1992] and more than those at mid-latitude station at Tahkuse [Horrak et al., 2003] 
Diurnal variations
At Maitri, concentrations of small and large positive ions do not show any systematic diurnal variations on fair weather days. However, they exhibit a very high degree of similarity in variations amongst themselves. For example, Figure 7 shows diurnal variations of the concentrations of three categories of positive ions and the air-earth current density on a typical fair weather day, January 10, 2005.
On this day, atmospheric pressure varied from 971 to 973 hPa with no trace of cloud throughout the day, except for moderately strong southeasterly winds during night and morning hours. Winds were calm or very light and temperature gradually increased from -1°C at 0100 UT, attained a maximum of 6°C at 0900
UT and then decreased to 2°C at 2400 UT. Sunshine lasted for almost all the 24 hours of the day. Small positive ion concentrations on this day were less than 3 x 10 2 cm -3 and were minimum at about 0900 UT. Large positive ion concentrations, The air-earth current density varies from 0 to 1.8 x 10 -12 A m -2 and almost exactly follows the variations in small/large positive ion concentrations.
During afternoons, the values of small and large positive ion concentrations at
Maitri are comparable to those observed at tropical station, Pune [Dhanorkar and Kamra, 1993] and at mid-latitude station, Tahkuse [Horrak et al., 2003 ].
However, the maxima observed in the morning hours at Pune are not observed In sharp contrast to the diurnal variations on fair-weather days, the intermediate 
Effect of snowfall
Snowfall, just like rainfall, is considered to be an effective scavenger of atmospheric aerosols and ions. Our observations at Maitri provide several good cases of its demonstration. For example, Figure 9 shows that with the start of snowfall at about 0400 UT on the Julian day 22 the concentrations of all categories of ions fall by about an order of magnitude and continue to be low until 0800 UT when observations had to be discontinued due to heavy snowfall. category. Air-earth current density also falls to very low or almost zero value during the period of snowfall.
Effect of blizzard
Simpson [1919] observed that blizzards are intensely electrified and produce high positive potential gradients on the ground. In our observations we observe that whenever high winds are accompanied with some snowfall, i.e., atmospheric temperature are below freezing point, positive ion concentration of all the three categories begin to decrease about 3 -4 hours before the appearance of snow. 
Discussion
The small ions produced in the atmosphere soon get attached to aerosol particles and form large ions. In the absence of any other mechanisms directly producing large ions, the variations in small and large ion concentrations are therefore expected to closely follow each other. The close parallelism observed here between the small-and large-positive ion concentrations during the faireather periods strongly supports this fact that the ion-aerosol attachment process is the only dominant source for the production of large ions at Maitri. It also demonstrates almost total absence of any effect due to the ions or aerosols produced from anthropogenic sources on land on the Antarctic measurements.
Further, almost parallel variations in the air-earth current density and small/large positive ion concentrations confirm the fact that the air-earth current is mainly determined by the small ions. The electric field measurements made in 1997 in the same season at this station show that its diurnal variation exhibits a maximum at 1300 UT and another secondary maximum at 1900 UT with its daily average value as 83 Vm -1 [Deshpande and Kamra, 2001] . During the same season, the mean total conductivity value is 2.1 x 10 -14 Sm -1 [Deshpande and Kamra, 2001 ].
Large ion concentrations in our observations are certainly higher than the expected at a clean site, like Maitri. Some of the likely reasons for this observation are: (i) Being a costal station, some of the marine aerosols being generated over ocean may be transported to the site; this being specially so during the periods when the cyclonic storms revolving around the Antarctic continent, penetrate up to the Maitri station, which happens quite frequently, (ii) Some of the intermediate ions being generated over ice glacier, south of the Maitri grow to the large-ion size during their transportation to Maitri with the prevailing wind from southeast, (iii) Ion counter is placed with its inlet 60 cm above the ground which is bare in this season at Maitri. High winds prevailing at
Maitri can strip-off some dust particles from the sandy and loamy sand type of soil. Such dust particles, through expected to be large in size, may carry multiple charges so as to be counted as large ions.
Another factor that may contribute to large ion concentration is the formation of some doubly and multiply charged aerosols during ion-aerosol interactions.
These multiply charged aerosol particles even though larger in size as compared to large ions can be collected in large ion condenser due to their higher mobilities and be counted as large ions. The percentage of multiply charged ions in the aerosols plays a significant role only in very pure air having aerosol concentration of < 5000 cm -3 [Hogg, 1934 a, b] . Moreover, multiply charged ions gain in importance only when radius of the particles exceeds 10 nm [Israel, 1970; Fuchs, 1964] . The environmental conditions at Antarctica where aerosol concentrations are low and aerosols generally consist of aged particles are suitable for the formation of such multiply charged ions. However, percentage of such multiply charged ions is not likely to exceed 20 % of singly charged ions [Hogg, 1934 a, b; Fuchs, 1964] and is not included in our calculations.
On the contrary, almost independent behavior of the variations of intermediate positive ion concentrations at Maitri suggests that the mechanism responsible for their production is independent of the mechanism responsible for small/large positive ion production. Moreover, the observations that the variations in 
